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The impact of four invasive alien species (Hakea gibbosa, Pinus 
pinaster, Acacia cyclops and Acacia saligna) and an indigenous 
proteoid 
(Millers 
~' \-' (Leucospermum concarpodendron) on a mountain fynbos site 
" Point, near Simonstown) were studied. Their effect on 
various soil factors, viz. pH, phosphorus, organic matter and 
nitrogen content, and immediate post-fire vegetation were 
• determined. The results of the soil analysis indicated that pH 
was not significantly different between the species, while the 
Acacia spp. were having some effect on soil organic matter and 
• nitrogen content, below their canopies. Phosphorus content5of 
(', 
soil below the canopies ~ere only significantly different between 
the Acacia spp .. With respect to the post-fire vegetation, the 
• Acacia spp. were found to have the greatest effect on diversity 
and relative abundance. It would appear that the Acacia spp. are 
having an effect on soil nutrients and immediate post-fire 
• vegetation, which could affect the future structure and 
composition of the fynbos . 
• 
• 
• 
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Introduction 
• The fynbos biome forms the world's smallest and richest floristic 
kingdoms, viz. Flora Capensis (Hall 1978), which is situated at 
the southern tip of Africa. Over the last 150 years, a number of 
• alien species have been introduced into this area for various 
reasons e.g. stand stabilization, fuel, timber, etc. (Stirton 
1978; MacDonald & Richardson 1986). Some of these introduced 
• species however, have become invasive and are presently 
threatening the survival of the fynbos biome (MacDonald & Jarman 
1984). According to Vitousek (1986) if an invader differs 
• sufficiently in its effect on soil properties, ' resource 
requirements and phenology, then it has the potential to alter 
the collective properties of the ecosystem. In this study the 
• effect of four woody invasive alien species and an indigenous 
proteoid (to act as a comparator) on various soil components and 
immediate post-fire vegetation of a mountain fynbos site, were 
• assessed. 
The four alien species, viz. Hakea gibbosa, Pinus pinaster, 
Acacia cyclops and Acacia saligna, would appear to possess 
mechanisms to enhance nutrient uptake, and therefore the 
potential to alter the soil chemistry of fynbos. H.gibbosa has 
• extensive proteoid roots (twice that of indigenous Proteaceae -
Low 1980), while the other three alien species have mycorrhizal 
associations (Marais & Kotze 1977, Langkamp & Dalling 1982, 
Barrow 1977) . 
2 
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The two Acacia spp. are also able to fix nitrogen (Roux & Warren 
1963), and have been found to enrich soil nitrogen in their 
native habitat (Hansen et al. 1987). Since fynbos is relatively 
nutrient poor, especially in nitrogen and phosphorus (Kruger et 
• al. 1983), such an increase could have a profound effect on 
vegetation structure and composition (Kruger et al.1983, 
Witkowski & Mitchell 1987) . 
• 
This study will attempt to answer two main questions: 
(i) Do these alien species have an effect on various soil 
• components? 
- And if so, would a mature fynbos commumnity be able to 
tolerate the change? 
• (ii) Do the alien species have an effect on the immediate post-
fire fynbos community? 
The purpose of the study is to provide insight into the effect of 
• invasive aliens on the invaded environment; and to highlight the 
necessity for control and removal measures of these noxious 
weeds . 
• 
• 
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METHOD 
• The study site was at Millers Point(34°18~, 18°27~), Cape 
peninsula, South Africa (Fig.l), This area was recently burnt (2 
May 1988), The previous fire occurred in 1974 (Bond & Stock 
• 1989), therefore making the burnt vegetation 14 years old, just 
prior to the fire. The soil is coarse and is derived from a 
mixture of Table Mountain Sandstone and granite (Bond & Stock 
1989), 
• 
• 
• 
• 
• 
• 
• 
SOUTH AFRICA 
Site 
FALSE BAY 
N 
l 
Fig.l: Map showing the position of the studied area, in relation 
to the rest of the biome . 
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The study area is relatively heterogeneous, with respect to the 
vegetation, with dominant patches of various invasive alien 
species scattered on the mountain side. However, the study site, 
in particular, consists of a relatively homogeneous 'patch' of 
• the five species examined. Four invasive tree species and one 
indigenous shrub species were investigated, viz. Hakea gibbosa, 
Pinus pinaster, Acacia cyclops (1), Acacia saligna (2) and 
• Leucospermum conocarpodendron respectively. 
• 
• 
Soil Sampling 
Paired soil samples were obtained from under the burnt remains of 
the plants and from the open areas adjacent to them. Each soil 
sample consisted of four 5 cm cores (3 cm diameter) collected at 
90° to one another and within 50 cm of the burnt stem (under 
canopy samples) or 100 cm outside of the burnt canopy (open area 
samples). The reason for mixing the four core samples was to 
reduce any effects that may be caused by a patchy distribution of 
nutrients. Ten paired samples (i.e. under the canopy and in the 
adjacent open area) were taken from under each of the five 
• species, mentioned above. The plants were randomly chosen using 
a wandering quarter method, providing the plants were roughly the 
same size as their conspecifics. This size varied between j 
• species, however, the initial plant of comparison for each 
species was generally one of the larger plants in the population. 
By keeping a realtively constant size for each species and a 
general criterion (i.e. the larger individuals) for all the 
species, one reduces the variables (eg. different age plants, 
organic returns to the soil, etc.) . 
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Soil Analysis 
The samples were taken to the laboratory where they were air 
dried and sieved through a 2 mm sieve. pH was determined as 
follows: 25 g of sieved soil was added to 50 cm3 of 0,01 M cac1 2 
and shaken for 30 minutes. The pH of the suspension was then 
determined using a pH-meter (No.29 Radiometer, Copenhagen) . 
To ascertain the percentage organic matter, 5-10 g (2 mm sieved) 
oven dried (at 80°C) soil was weighed together with a pre-weigh-· 
oven dried crucible. The crucible and soil sample were then 
transfered to a muffle furnace at 450°C for 16 hours. The soil 
containing crucible was then reweighed and the percentage organic 
matter calculated. 
The samples were tested for nitrogen and phosphorus content, 
using the Kjeldahl Digestion method for nitrogen (Stock 1985) and 
total phosphorus analysis for phosphorus (Jackson 1958, Murphy & 
Riley 1962) (See Appendix 1 & 2 for details) . 
Vegetation Survey 
As in the soil sampling above, samples were taken from under the 
'burnt' canopies and adjacent open areas of the five study 
species. Similar criteria were used for randomization and plant 
size, as those used in soil sampling above. Ten samples were 
taken of Pinus and Acacia 1, and eight for the remaining three 
species . Each sample consisted of three 1 m ruler lines placed 
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at 120° to one another. Any plants that was encountered on the 
10 cm intervals along the 1 m line were recorded. Equitability 
was then calculated using the following formula: E = E Pi2 
E Equitability 
Pi Frequency of the species (i.e. No. of times species 
encountered I Total No. of points surveyed) 
Statistics 
Two-Way ANOVA's were performed on the results obtained from soil 
analysis and the vegetation survey, with respect to canopy/open 
pos/itions and between study species. Since, there were highly 
significant diffe~ences among the species for soil comparisons, 
but no significant differences between under/open areas (Table 
• 1), an Analysis of Covariance was used. Analysis of Covariance 
: ·: i. / 
was performed on the soil analysis and vegetation survey data, 
with open areas serving as the covariate. In this way, the 
• effect of shrub canopies on soil nutrients could be separated 
from other local spatial variations in soil nutrients. If the 
covariate was not significant, a One-way ANOVA was performed on 
• the open area samples, to see if they were significantly 
different. If they were not, then the below canopy samples were 
compared. A Multiple Range Test (95 % Confidence limits) of 
• homogeneous groups was also performed together with the Analysis 
of Covariance, to show differences between species. 
• The means of the data collected and standard error,, were 
calculated and graphically represented. Lastly, nitrogen and 
phosphorus results were regressed against percentage organic 
• 7 
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matter. All statistics were performed on the computer package 
"Statgraphics" (Statgraphic-statistical graphic system by 
Statistical Graphics Corp. 1988) . 
8 
• 
RESULTS 
• The results of the Two-Way ANOVA are set out in Table 1. There 
is no significant difference between under canopy samples and 
adjacent open areas/; with respect to percentage organic matter, 
• nitrogen content and percentage open ground. However, pH, 
phosphorus and equitability showed significant differences. The 
ANOVA among species revealed highly significant differences, with 
pH being the only exception. The interaction between species 
under the canopy and in adjacent open areas revealed no 
significant differences, except for percentage organic matter. 
• 
• 
• 
• 
• 
Table 1: 
pH 
Phosphorus 
Two-Way ANOVA on the results of soil pH, % organic 
matter, phosphorus and nitrogen content, 
equitability and % open ground, with respect to 
under canopy and open areas, and among species . 
TREATMENT 
Under_Open 
Spp. 
un_op x Spp. 
Under_Open 
Spp. 
Un_Op x Spp. 
D.F. 
1 
4 
4 
1 
4 
4 
F-ratio 
15.701 
2.118 
0.912 
6.471 
3.374 
1.708 
Sig. Level 
0.0001 
n.s. 
n.s . 
0.0127 
0.0128 
n.s. 
% Organic Mat. Under_Open 
Spp . 
1 
4 
4 
2 .654 
6.795 
2.612 
n.s. 
0.0001 
0.0405 
Nitrogen 
Un_Op x Spp. 
Under_Open 
Spp. 
Un_Op x Spp. 
Equitability Under_Open 
Spp. 
Un_Op x Spp. 
% Open Ground Under_Open 
Spp. 
Un_Op x Spp. 
1 
4 
4 
1 
4 
4 
1 
4 
4 
2.463 
4.942 
1.708 
4.740 
20.049 
0.573 
3.618 
3.879 
1.173 
n.s. 
0.0012 
n.s . 
0.0325 
<0.0001 
n.s. 
n.s. 
0.0063 
n.s. 
n.s. - not significant; D.F. - Degrees of Freedom 
p < 0.05; Un_Op - Under canopy and Open areas 
9 
Table 2 represent the results of Analysis of Covariance of the 
• soil analysis and vegetation cover data. The results thereof 
will be mentioned in conjunction with the following figures. 
• 
• 
• 
• 
• 
Table 2: Analysis of Covariance of soil pH, % organic 
matter, phosphorus and nitrogen content, equitability 
and % open ground. Covariate - Open areas; p < 0.05; 
n.s. - not significant; D.F. - Degrees of Freedom. 
pH 
Phosphorus 
TREATMENT 
OPEN AREA 
UNDER CANOPY 
OPEN AREA 
UNDER CANOPY 
'Organic mat. OPEN AREA 
UNDER CANOPY 
Nitrogen OPEN AREA 
UNDER CANOPY 
Equitability OPEN AREA 
UNDER CANOPY 
I Open Ground OPEN AREA 
UNDER CANOPY 
D.F. 
1 
4 
1 
4 
1 
4 
1 
4 
1 
4 
1 
4 
F-ratio 
8.833 
1. 775 
2.379 
4.132 
19.040 
4.309 
7.963 
3.265 
44.089 
5.894 
2.803 
3.174 
Sig. Level 
0.0048 
0.1510 
0.1302 
0.0063 
0.0001 
0.0050 
0.0074 
0.0208 
<0.0001 
0.0009 
0.1023 
0.0241 
Figures 2 - 7 illustrate the relationship between under canopy 
and adjacent open areas; as well as the differenqes among 
species. The letters above the under canopy bars indicate the 
results of the multiple range test for homogeneous groups among 
• the under canopy samples of the various species (95 % Confidence 
limits). Vertical lines in bars indicate standard error values . 
• 
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• Fig.2 : Mean soil pH values from under-canopy and adjacent-open 
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areas for the five study species. 
With respect to pH, there appears to be no significant difference 
between open areas among the five species (Fig. 2), this was 
confirmed by a One-Way ANOVA. There is however, a significant 
difference between under canopy and open areas (Table 1, Fig. 2) . 
No significant difference was found among species (Table 2), 
which were also found to be homogeneous • 
• 
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Mean soil phosphorus (total) content from under-
canopy and adjacent-open areas for the five study 
species . 
Phosphorus (Fig.3) showed a significant difference between 
species under the canopy, however, the covariate was not 
significant. A One-Way ANOVA was therefore performed on the open 
areas, and it was found that there was no significant difference 
between phosphorus in the open areas. A One-Way ANOVA on the 
under-canopy samples gave a significant difference, with Acacia 
cyclops and A.saligna showing the greatest differences between 
each other (Fig.3) . 
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Fig. 4 
Fig.5 . . 
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Percentage organic matter under the canopies of the various 
treatments were found to be significantly different (Table 2). 
Results of the multiple range test revealed significant 
differences between Leucospermum & Hakea and Acacia saligna 
(Fig.4). There appears to be a close following of organic matter 
in the open areas with organic matter in the under areas, Acacia 
saligna being the exception (Fig.4), Also, Acacia cyclops 
appears to have more organic matter on average than Leucospermum, 
Hakea or Pinus, despite the difference not being significant. 
It would appear from Fig.5 that the alien species enrich the soil 
with nitrogen, more than the indigenous Leucospermum. There is a 
significant difference between species in the under canopy areas 
(Table2). The Multiple range test showed similarity between all 
species except Acacia saligna, which was significantly different 
( Fig .5), while Acacia cyclops appears to be intermediate . 
Nitrogen regressed against percentage organic matter was found to 
be highly significant (r2= 0.69; p < .0000), However, phosphorus 
• regressed against percentage organic matter showed no significant 
correlation. 
• Vegetation 
• 
• 
There appears to be a slight increase in equitability under Pinus 
and Acacia cyclops, and a large increase in Acacia saligna 
(Fig.6), However, only Acacia saligna was significantly 
different from the other species (Fig.6, Table2), 
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The proportion of unvegetated ground were greatest under the 
canopies of Leucospermum and Hakea (Fig.7). There was a 
significant difference among species in under canopy areas, 
however the covariate was not significant. The multiple range 
test indicated that only Hakea and Acacia cyclops were 
significantly different. However, it would appear that the 
Acacia spp. have much less open space under the canopies, on 
average, than the other species. 
It can also be noted that there appears to be similar trends 
among percentage organic matter, nitrogen content of soil and 
equitability (Fig.4-6) ; and a reverse trend with respect to 
unvegetated ground beneath the canopies of the various species 
(Fig.7) . 
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Discussion 
The Effect of Alien Vegetation on Various Edaphic Factors 
The results would seem to indicate that the invasive alien 
species are having some effect on the soil dynamics of fynbos, in 
a relatively short period of time. This could have a profound 
effect on the future survival and ecology of fynbos . 
The slight variation in soil pH between under and open samples, 
i.e. under-canopy samples having a higher pH, could be a function 
of fire and organic matter. Brown and Mitchell (1986) found that 
soil pH in fynbos was elevated shortly after fire, but soon 
returned to its normal state . 
The alien vegetation appears to have some effect on soil organic 
matter and nitrogen content. The results indicate that organic 
matter is closely linked to the nitrogen content of soil. 
Therefore, those plants with more organic matter under their 
canopy generally have more nitrogen. There appears to be little 
difference between the soil percentage organic matter/ nitrogen 
concentration under the indigenous Leucospermum and the alien 
species, Pinus pinaster and Hakea gibbosa. However, the Acacia 
spp. had on average approximately 1.5 - 2 times more organic 
matter below its canopies (Fig.4) and significantly more nitrogen 
(A.saligna) (Fig.5) than the other species studied. The reason 
for this is probably two-fold: firstly, A.cyclops and A.saligna 
have been reported to possess nitrogen-fixing symbioses (Roux & 
Warren 1963, Nakos 1977, Haxen 1978); and secondly, they are able 
17 
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to grow taller and faster than indigenous fynbos, thereby giving 
• rise to a greater biomass production (Milton 1980, 1981, Milton & 
Siegfried 1981, Versveld 1981, van Wilgen & le Maitre 1981, van 
Wilgen 1982). Consequently, the higher levels of organic matter 
• below these Acacia canopies results in concomitant increase in 
soil nitrogen. Acacia's would therefore act as fertilizers of 
the environment they inhabit (Shea & Kitt 1976, Hansen & Pate 
• 1987). 
• 
According to Agren & Bosatta (1987) the long-term productivity of 
terrestial ecosystems is closely related to the quality and 
quantity of soil organic matter. Fynbos has been noted for its 
low biomass (Kruger 1977), therefore low quantity organic matter; 
as well as a low quality litter (Read & Mitchell 1983). Thus the 
increase in organic matter and nitrogen levels below Acacia spp. 
may adversely affect fynbos . 
Experiments have shown that fertilisation (with N & P) of 
nutrient poor environments can cause a complete change in the 
species and growth form composition of the area (Specht 1963; 
Connor & Wilson 1968; Heddle & Specht 1975; Specht et al. 1977; 
McMaster et al. 1982). In lowland fynbos, Witkowski (1989) and 
• Witkowski & Mitchell (1989) found that nitrogen addition resulted 
in a significant increase in the growth of only the restioid, 
graminoid and annual species. Increases in growth have been 
• observed in the proteoid (Leucospermum parile) and the ericoid 
shrub (Phylica cephalantha) to an increase in nitrogen (Witkowski 
1988), however, some members of the indigenous Proteaceae have 
18 
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been found to be unable to utilize high levels of nitrogen (Lewis 
& Stock 1978). It would therefore appear that nitrogen limits 
certain groups of plants within the fynbos. However, despite the 
increase in various plant groups there seems to be little change 
in plant mortality patterns. Thus fynbos would appear to be 
resilient to nutrient input perturbation (Witkowski 1989). 
Witkowski (1989) predicts that greater levels of nitrogen (i.e . 
5 gN.m-2 ) may result in long-term changes in species composition 
within the fynbos. 
Hansen et al. (1987) found that nitrogen fixation is greatly 
improved under conditions of increased water and phosphorus, 
producing 4 - 3 5 kg N . ha -1 • y r-1 under fer ti 1 i zed con di t ions . 
Phosphorus levels in Australia are however, very low (Heddle & 
Specht 1975; Groves & Keraitis 1976) and would appear to lower 
the amount of nitrogen fixed (maximum input 0.88 kgN.ha-1 .yr-1 a 
• 
• 
• 
., 
, 
year post-fire)(Hansen et al. 1987). Also, Acacia spp. in their 
native habitat added the greatest quantity of nitrogen within two 
years after a fire, thereafter nitrogen input was minimal and 
declining. Therefore, under low phosphorus levels nitrogen input 
into the soil will be negligible. Fynbos soils, which are 
equally low in phosphorus (Kruger et al. 1983, Mitchell et al . 
1984), would similarly reduce nitrogen fixation. As a result 
nitrogen input into the soil would be small, having little effect 
on fynbos vegetation structure (Witkowski 1989a). Strandveld, on 
the other hand, shows substantially higher phosphorus levels 
than other fynbos communities (Witkowski & Mitchell 1987), and it 
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is likely that the effects of Acacia spp. on total nitrogen in 
• soil will have an effect on fynbos community structure and 
composition in these areas. 
• 
• 
• 
According to Hutchinson (1957), phosphorus is likely to be the 
most ecologically important nutrient, being able to act as a 
determinant of vegetation structure and function when limiting 
(Bieleski 1976, Smith 1980, Groves 1983, Kruger et al. 1983). It 
has been found in Australia that not only is phosphorus present 
in low concentrations (Specht and Rayson 1957), but the plants 
respond to increased phosphorus (Groves 1965, Heddle & Specht 
1975). Conversely, despite fynbos' relatively low phosphorus 
levels, phosphorus fertilization of fynbos seems to have little 
impact on species growth or mortality (Witkowski 1989). It would 
therefore seem that phosphorus is not limiting to the same extent 
as other elements. The significant increase in phosphorus found 
under Acacia saligna canopies is likely to have little effect on 
altering fynbos. The other four species studied were not 
significantly different from one another or between open and 
under-canopy areas (Table 1). 
The Effect of Aliens on Post-Fire Vegetation 
The equitability data (Fig.6 ) shows that a number of non-
dominant species occupy 65% of the ground below the canopy of 
Leucospermum conocarpodendron (Fig.7). These two values would 
seem to indicate a high species diversity for these areas. Hakea 
showed a similar trend to Leucospermum, and would therefore 
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appear to have little effect on the immediate post-burn 
• vegetation, when it occurs in low densities. However, as density 
increases Hakea has been found to have an effect on indigenous 
Proteaceae (Breytenbach 1986). This species therefore has the 
• potential to alter the fynbos physical environment, if allowed to 
persist and establish dense stands. 
• Pinus, on the other hand, has less open ground beneath its 
canopies, indicating greater abundance of plants and a greater 
equitability, therefore a slight increase in dominant species. 
The latter however is not significantly different from Hakea or 
Leucospermum. Pinus has been reported to decrease species 
diversity on plantations (Richardson & van Wilgen 1986). Thus 
this plant does pose a threat to the fynbos community; even in 
such low densities it appears to cause a decrease in diversity. 
• The invasive aliens that have caused most variation thus far, 
namely the two Acacia spp., also appear to have the greatest 
effect on species diversity and relative abundance of vegetation 
(Fig. 6 & 7). Both these species show increased abundance under 
their canopies (Fig.7) which appears to be a function of the 
• 
organic matter/ nitrogen content of the soil. However, the 
response of the indigenous vegetation to these increases are 
different. Acacia cyclops appears to have a non- significant 
increase in equitability, indicating a relatively unchanged 
species diversity under the canopy. Nevertheless, certain 
species did appear to be more dominant than others in these areas 
(pers. obs.). Acacia cyclops has also been found to possess 
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substances which delay germination of certain indigenous species 
(Jones et al. 1963), however no such pattern of inhibition was 
observed. Acacia saligna on the other hand has fewer dominant 
species below its canopy (Fig.6 - indication). It was noted that 
the species below Acacia saligna showed greater vigour than below 
the other species studied here. Also, the dominant species 
beneath its canopy was of Acacia saligna seedlings. It would 
therefore appear that this species forms a major threat to 
fynbos, in that not only does it affect the soil chemistry of the 
area it also appears to modify it in favour of its conspecifics. 
Conclusion 
It would appear that Hakea gibbosa and Pinus pinaster are having 
little effect on the physical environment of fynbos, when in low 
densities. The Acacia spp. (in particular A.saligna) seem to 
alter the soil status to a certain extent. However, fynbos would · 
appear to be resil)ent to the effects of nutrient enrichment (in 
terms of, change in species and growth form composition), and 
thus propbably be able to re-establish in areas where Acacia spp. 
have been removed. The latter may however not be true for 
Strandveld areas which exhibit high phospohorus levels (relative 
to Australia as well as other fynbos areas) and therefore 
probably greater nitrogen-fixation by these legumes. The effect 
of extreme nitrogen enrichment on fynbos has not been studied as 
yet, therefore predictions of vegetation change cannot be made . 
With respect to alien impact on the immediate post-fire fynbos 
22 
vegetation, Acacia spp. would seem to have the greatest effect of 
• lowering species diversity, and increasing the abundance of weedy 
species (in particular its conspecifics). The acacias would 
therefore appear to alter the composition of early pioneers in 
the pyric succession of fynbos. However, the effect they may have 
on the later successional species is not known as yet. It is 
nevertheless important that these Acacia spp. be removed, since 
they not only affect soil nitrogen levels but also species 
diversity of post-fire fynbos communities. 
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APPENDIX 1 
KJELDAHL D.lGESTS OE_ SO.l.L. MATERIAL 
1. Digestion Preparation 
(Use long thick boiling tubes rinse with deionized water & dry) 
Weigh out approximately 1 g of 2 mm sieved soil 
Add 1 ml distilled water; 
3 ml H2so4 (Chemically pure) with Salicylic acid 
A spatula tip of Na-Thiosulphate; 
1 Kjeldahl tablet (Selenium catalyst). 
Blanks & Standards 
2. 
(a) 
(b) 
(c) 
At the same time digest 3 blanks (distilled water) of 1 ml 
volume & 1 ml of 5 standards (NH 4 ) 2so4 . 
These concentrations ammonium sulphate replace the 1 ml 
distilled water above: 
0.1 ; 0.2 ; 0.4 ; 0.6 & 0.8 mg N ml- 1 . 
Digestion 
Put in digestion block at 0°c. 
Set to 150°C & leave overnight. 
Next, set to 220°c for 1 hour; 
250°C for 1 hour; 
280°C for 1 hour; 
300°C for 1 hour; 
350°c for 2 hours. 
(d) Switch off the block & leave overnight to cool. 
(e) Next, set block to 150°C for approx. 30 minutes until digest 
dissolves. 
• 
• 
(f) Take tubes out of the blocks & allow to cool for 5 10 
minutes. add 5 - 10 ml of distilled water & swirl tubes. 
(g) Decant very carefully into wide-necked 50 ml flasks using 
the test tube shaker to swirl the mixture. Hake up the last 
bit to 50 ml with distilled water. Stopper tubes. 
PHENOL~ HYPOCHLORITE DETERMINATION 
1. Rea.gents 
1. EDTA (0.12 % W/V) 
2. 0.5 % (W/V) Sodium nitroprusside (make each time) 
3. 10 % (W/V) Phenol in 95 % Ethanol 
4. Alkaline - phosphate buffer 
(6.93 g Na2HP04 1-l & 20.65 g NaOH 1-l) 
5. 1.5 % Sodium hypochlorite 
(Use fresh dilution of stock solution 1 : 3.9628 water) 
(dilution 1 : 6 ie. 12.5 cc up to 75 ml) 
Reagent A= Mix equal parts of 2 & 3 
Reagent B = Mix four parts of 4 with one part of 5 
L Procedure 
(In 50 ml flasks or thin-walled tubes) 
(a) Take 1 ml of digestion solution (Shake flask or container 
thoroughly before removal of aliquot so that it is properly 
mixed). 
(b) Add 25 ml EDTA. 
(c) Add 2 ml reagent A. 
(d) Mix properly. 
(e) Add 5 ml reagent B. 
(f) Make up to volume ie. add 17 ml distilled water. 
(g) Leave for 60 minutes and read at 635 nm off a 
spectrophotometer . 
• 
APPENDIX 2 
TOTAL PHOSPHO.Rll.S.. ill. SQ.IL. 
(Based on Hesse : A textbook of soil chemical analysis - pp 296) 
Heat 2 g soil (2 mm sieved & air dried) in closed crucible in 
a muffel furnace at 240°C for 90 - 120 minutes. 
Allow sample to cool to approx. 100°C before removing. 
Transfer sample to a 50 ml digestion flask; rinse crucible 
with 5 ml concentrated HCl & transfer to digestion flask. 
Add a further 5 ml HCl. 
Digest for 30 minutes in a boiling water-bath. 
Add 20 ml distilled water & leave in the water-bath for 
another 30 minutes. 
Filter diluted digest into 100 ml volumetric flasks 
with distilled water (4 aliquots of 5 ml). 
Make up volume to 50 ml & mix well. 
rinse 
Take 4 ml diluted digest & transfer to 50 ml volumetric flask 
dilute to 40 ml with distilled water; 
add 8 ml Murphy & Riley (1962) mixed reagent; 
make up to 50 ml volume with distilled water & shake well. 
Read at 882 nm, after 30 minutes, on a spectrophotometer. 
' 
